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ABSTRACT : 

PROBLEM TO BE SOLVED: To securely detect the ground 
shorting of a 

current-carrying cable to a piezo stack in a piezo actuator 
driving circuit. 

SOLUTION: In a detection point 401A in which a line 222A 
from a ground side 

terminal 202A to which a current-carrying cable 32A to the 
piezo stack llA is 

connected to ground is opened by a switch means 25A and 
which is conducted with 

a ground side terminal 202A when abnormality is detected, a 
comparator 32 reads 

the level of voltage obtained by dividing constant voltage 
by a pair of 

resistors 411 and 412 so as to judge whether the cable 32A 
is ground-shorted or 
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not. Consequently the diff 
normal time can be 
made large even if it is hal 
charging /discharging by 
making the resistance values 
sufficiently large _ 
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erence of voltage with that 
f-shorted without affecting 
of resistors 411 and 412 to 
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m^if^tlX . 5aiSc«^=fT d Kxyx ^ -y 

L/C fxyr ^ -f- X- :j'iaifli?s . 

im^3} W«3«2ffi^<5Dt"xvV^f-AX-:J'lig 

1 C^tJELT^ftZi bTxyr ^'^AX-:5'|gil0il&. 
[It^4] if^2^<?5tXV'ri!'^^X-:5'^ 

imffim^t 2r . ^mmi^^iz 1^1 ^mje lt 

i:^-^ i 9 fcg® L.3t txy'r^'^*x-:J'»|BlM. 
im^mSl tfxVT^'f-^x-^t^iO^L-TM 40 

*^iOtfxyr^'f-j:x.~:j'iatHiK t s-flrOtf-sc: 

[0001] 
10002] 

[#*cOfi^] b°xyr^'f-JLX-:?{±. PZT^COJE 50 
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it^txyriJ'f-j^x— ^'fci "jtr 3 ^><?):*^^^^>^^T^> 

[0003] b-xyT:J'f-ji.x-:5'ffii!r|51gSJ±txyx 

^J' -y ^ {camf&ita6<7)«m0SSSP^. 3EScm«^^ 

*i»^$itSti:i>t:. A.y7r3>7':^-»^$::5^^Jt— 
HfcJ; 0^<-f>'-?X-r$*2<7«i^@K*qi^J*^*iTi5 
0. jf^-^t^-rax-f •yf-y^J^S^fcri'jaicOjl^ 

jj-^-M^t'JilglfiOil^SSfcJ: y) bfxyx^ -yi^fcSS 

»4-f >':5^^' r^fc^^itfcx:^;^^-^-?^^ t^**^.^ 
2<7)iE®ggSfcJ: 0 i;xyx^' -y 

[ooo4it3t. K'xyr^'^AX— ^'jgiiHj&wi 

xyr^J'f- AX-^^t=}I®Sti;tf xy:^:? -y ^fttm 

[0005] fci^T. ^— yyUiOBf^^i'a — btV^ 

, K'xyx^'>y^'«3ES(«*5^figi:^ 

"5. trxyr:J'^j-x-^'>6f«B)f^of«!F5-t:-#^<^ 

-20217 7^tKf#t{i. tfxyx^ -y 9 \Z^-th 

v^mmm^tix\.^h , 

[00061 

^1-202177 ^^#^aa<?)S^mttffiT'{i. 
i^B~-h<7>mii>zmvx^X(mmii^$>^. ~f^j:t>-h^ m 

><'/7- u <^SSiffllffi? exyr^ f- ax— wiift 

^<^tz^^ mnm.ifi^'Mmi.zoaai'fyYi^B-'VX'h 



(3) 

3 

mWi^ht . ^ICO J: 5 tc, Buie#ffl¥ 1-202177 

[ 0 0 0 7 ] m^mm^ff)mmm&-t^£t> lo 

2 17 7^^iHil<=D^^ai^«0 J: 3 
[0008] sIs^lBJiHffSgHf f^^^rSixit «>«T\ 

[0009] 

[iiM^»^-f-&i^c»o#a] m^i^(^mv 

mn<r>wm\izn^mm^'^v:-WLnhftx. 

btmL. -mm^^mii-thim^m:b^M:m^hib 40 
[0010] M^co**iio«iaj»j. x>f ^y^^mi^^y 

ffll^OffifiigStcJi. :iff)^=7yY>'a~Vi,zi.^mM.'9i- 
■i^m\\,z^^ti. ^'^^bM^mmtiMTir 

ztuzx*). ^mmztstf^MBimTi: vcm- 
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mmi!^m-<izw^^ixhim(r>mKMt «g^T& 

[0011] *3t. S^(0fl-4!l«^*{4tfxrX:J'7^' 
[0012] e^2^<7)|Kfl-C{i. mm 1 cO^^Bg 

msmi^mt^nt^tix. itgt<?)i^xv'x^>-/^'** 
^sjcm^tST* "9 , mem^\.^-riifo>^mm^zm}^ 
-thmsix^ ^/^^mm>ift>tix, *sc«5-itd ex 

[0013] SS?^ixTV^^\,ii;xv'X^>y ^ffloffilfi 

x^''/ ^m<n^~rf)v\izio\irh y K >- 3 - N ^matj 

[0014] ffi^3ia«<7)i6Bj-c{4. m^m2ff^^ 

j:t;fBuiait«£*g^. msm.<^wmmm'\,zm 
uzn)&hxwmh. 

[0015] #lt^#KiO-fifi#*^^>. v>t^<7>ex 

■S*»^1t^-r& ^ b i)^X't s . 

[0016] m^Asmnmn-cii. m^.2</^m 
cnmmzi5\^x. m&^^^^^mb-fhim.ffmm 

yn<rmm^imi-b . m^'sm^n'^z^aim 
aj^. t ^ . wmmw^iiz iini iznmvxmiri^ii- 

,^j?MmznLxmf<4 rxb^^^o t^^.s . 
[0017] ^)v—y\z 1 iiJf 

mmML^mzX ^ , SK^^/I— r|*|cov^■ri^^ob^xy' 
x^' -y ^'ffl^o^^-:/^^•T^^^^ y h >- 3 — v*>^Lt: 

[0018] ^JI5i^(?5lKH-e{±. ^iis*^ 
KXV'T^'^AX-:J'fcJ:i3^HLT)^¥f<0l*»fk 

aX-:J' ^ 1 L 4 V %-m*^«tf 

xyr ^' AX-:?Pi6IBlS&i: * Bfitr -Sli^f: -T'S. . 

[0019] txy'Xr^' '•/^ffmmM(0-y—^fV<r>-!^'7 
y K 3 - h {::aH t /i»f W« Wt^iiiEfcittMr 
:^LbifiX'%t^ 

[0020] 
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->f ^ ^ 1 ib^^Mmi^zMm Lxmf^ti ( mmvi^ 

[0021] *5t. 3^yi^->?P5 45&^i^-f y^^:!;^:^^ 

yi^:^^i^immimmtvxi>m\^^i^ti. -iy-J:^ 

iy^h^(r> F ^ V 5 6 ^mxmA9 y9 
5 1 i,zMm~^io tw^-^TV^^, 
[00221CPU61 {i:;^ ^Vi^^ftS^cOS^am^tC 

^^ai-^igi&iBij^2tcffi^i^-g.. mmm^iti ^hj t 

[0 0 23] CPUS itiffico-feyi^tci 0^ 

:^>:^>^'fe:VimhLT::?^yW;l^5 4t::jE:^j^r 
y-»^6 23^m(t^ih,Ti5 0. cpveil±a^yu-fi^ 

&Mzm^\i^xmM^^ 2 ^mmLx::3'tyu—}u 5 4 

[0 0 24] 01. 02tc:exyX:5^^y:5^c7>3EEtJl!S 
t t'j:rr^^^x-:?^|gi6[iig§2coli^&^ 

tfxrr^f^:xx-:$^|g»Iilf52;&>|giirr^t^x^^ 

X^y^llK, IIB, lie, llD{i. 

-e^rm^K^^iife^ y-j:^ ^ ^ 1 1 *r 1 \,znm tr 

V^-S. b°xyT:;^f^-xX-^JiglftlllS&2{ia-r:^yh>ft;5 
iXTB 0 . t"xyx:5^ y 1 1 A— 1 1 D^coa^^fr 
3/::*:)tfOi^ffiT2 0 1a, 20 1b, 2 0 2A, 2 0 
2B, 202C, 2 0 2D;&5^{tT*^. ®i^^2 0 
la, 20 1b«m?^W^0tOT'. g^^S&¥202A'- 
20 2D(igSfifflt^^>0-C&&. S^SB^2 0 1 a'-2 
0 2D{iexyx^^y^ 1 1 A—l lUh'74^f\—^- 

X3\,zxnmm^ft:^. 

[0025] y-f ^^N-^-x3(i:miS(lco^-:/;^3 1 

a, 3 lbi:^H|i5^:J^-y;l-3 2A, 32B, 32 
C, 3 2Dh5&*^^^. magfflC0^-:?^;l^3 1a, 31 

b(i^>^i;^^:?^i5^ffll3^^^il^ii:Z^(C^3^^^LTfc'9. ^ 
-r;P3 1 a(ib"xyx:5^ y 1 1 A^mmLfz^ y-J 
:j^^^lb t-xyX:5^ y :^ 1 1 B Lfc-i yJjL^ 
^lhi}^^^hAyi^:T.9^m (OT. Ay^tv^a) 
»9 . 31b trxVX ^y l 1 C 
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^mrnvtz-i yV:^ ^^Ih exyx:?^ y l l D 

s^2oia, 2oihbmnznmLxmm^fi 

^ffl!l<:0^r^r;l^3 2A'-3 2DiiexyXr$^'y:^^ 

1 1 A— 1 iDco^ti^fiizi-yi^mn^ti. ^ti^ 
fimmmfmcowm^2. o 2 A'-2 020^1^1 
immvxw^^ft^. 

[0 02 6] fxyT^f-AX-^Jigi8»2i^. ex 
10 yX:^>y^ 1 1 A— 1 lDcr)5EmfcS!tS^^^Tail®&9 
^:llIS&gP^Ti5^^«E|g5gP2 0i:. ^co^gp^ipjffli 
^hziyVX3-^2 9}it^i^^j::^. mmM^2Q 
mi^>'^'y7^yo*&« ( + B) t:m-h-mHV60fig£ 

C0]iii^m\izm\tizm^^ixfz^^-/yrny^y^2 12 
(^i: ^m^imm2 l Srli^L. tfxyx^ ^y 1 1 A— 
llT><mMM(mK^m)}^h. DC-DCny^N— 
:$'2 1 1 «i-HKfl^*^JEf- 3 yVN-MiT)^^. yf- 
>^^^2 1 1 2<D^ymz^yy^^2l 1 K^x^^ 

20 /I/^— &^®LT. ^;^y^m=f2 1 1 2i7>:t:7^ 

\izmmmn^%SE:i'h^yr^^2 1 1 i*^^>:5^^::t— 

2 11 3 ^itLX^< yyr^n y^y^2 1 2 \^z^m.^ 

ti^. ^^yyr::iy'fy^2 1 2 

^hcOX-mm^tl. t'xyx^'^y:?' 1 1 A-'l 1D^(D 

[0 02 7] itgg^2 1WN'>y:7rny^>'if2 12 
3&^^S«^2 01a, 20 1b. g^S^20 2A-- 
202D^:/^LTexy;:^^^y^ 1 lA—l iDiz>(y 

30 y^^23^i\-Lxmm~^mi(omm^2 2a,ibm 

^LXht. mi(Om9S^2 2eLCOd-h^ Ayy^9 

23^S8HilfgMffi^20 1a, 201bfc^o^<m 
*&221a, 22 1b{imMSS!^S?2 0 1a, 20 

1 b ^ 1 *f 1 \znm\^xmt^tt. wm^^m-o. o 

2A'-2 0 2D^g*6^^O^<«l|?&2 2 2A, 2 22 
B, 2 2 2C, 2 2 2Dii^fi![j^ffi^2 0 2A— 2 

Q2v>b\n\\iznm\jxm^(^ixh. a^gK2 2a 

Vz\±^ J<yyTZiy^y^2 1 2 b-i yi^'^ 1$^ 23miz 

zittih^b'mnzmicox^ -/^yrm^2 4 a^&^tfr^s 

40 ^irv^^o Sglc7)X-f v^>':/^^24 afiMOSFE 
:5^^:t— K^iV^a) 24 1 a36>>'N'y:7r:3>'xVi?-2 1 

[0028] ttz^ >{y^^i^23b\^:x,YX5^^/^l 
lA— 1 lD{iAy>'rn>'v'>'^f21 2ii>i:tK^1^0 
X-r ^^-^^#^2 4 a^>'\M^N"X^-g»m2i7>il^¥& 

2 2b^?g^LTV^-&. ^<7)MI^{S2 2b{i:. Ayr 
^9 23 b%\<ryxA ^y^yrm^2A B.<n^m^^iz 

50 \m.^fi.h^2<r^7.A -/^yrm'^2Ah^M'L^ Ay 
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^9^2.3^ '^:s:.-r:^9v^ 1 1 A--! lDi5J:tXm2 

24 1b>^^^K^7:7r::7>^iryi?-2 1260Wffi^ 

[0029] LTi7)b"xy'X5' 1 1 A— 

1 1 Dtii^co J: 3 fcjlJRTg^ ^ o ea:y';:<.:$^ ^ 1 1 A 
— 11 Dcom-eW3jiiff^J(;:x>f -/^y^n=^ (Jil 
T. ai^. ilS?X^^yf->:^^-FfcV^3 ) 2 5A, 2 5 
B, 25C, 25D, 25E, 2 5 F5&^^§tLT*5 

tl?X-f ^y^y^ST2 5 A'-2 5 D{igffiiI!liUi&2 2 2 
A'-2 2 2DtCl*H(^WiCLT^(t^>il. WMMCO 

AW:x.9^\(n\^:t,V:x^^v9 1 1 A—i iDt;:^jc5 

^^StRX-f -/^>^m^2. 5 A— 2 5 D:^»-:tV§^X 

[0030] %fz. %'i<nmm,cnmi:^A -/^y^mf^ 

2 5E, 2 5F(i:mM^2 2 1 a, 22 1b(Cl^ 

lt::^jt5Lt:i^Jt^>fx. eaiyx^^y:?' 1 lA—l ID 
<D\i^rtlilPi,zm^X^^{:^-i y^y^m=f'2 5 A- 2 5 

^ 1 1 A—l 1 D^^t^^rw^>':5'0 2O(7)l::Jiy'X 
^^y:^'llA, llB^5t{i:tfxy^::^:5^*y:;'llC, 1 

1 D ^ tfxrr i-::LX.-^mm^2. t-hm^m.vx 

f6^r£?)/^>-:J^c02o^exyx:?^^y^l IC, 1 1 
i^cJitfxyx^ ^ 1 1 A, 11 Bco^m^MU:thti 

[0031] «'j^tfiX>f *y^>'^|g^2 5 A'-2 5 Fit 

(WT. 3^^r-f:t— F^V^d) 2 5 1A, 2 51 
B, 2 5 IC. 2 5 ID, 25 IE, 2 5 1 F{i. 

yr^ yfy^2 1 2 ifZMVxm.^^'i rxt^^^Xoi^z 

[0 0 3 2] X>r >yf'>'^fg^24a, 24b, 2 5A 
'--2 5Fcr^y—hifZlt^yhV2-~^2 9i)^^^fl^tL 

mmm^t^x^ vx^^ o . mtmzrt < mix^ ^y 

^m^2 3K--'23\>(n\^^Kt^^:^yiX'MWimr> 

exVX:5^ >y 1 1 A— 1 1 \>fmSK^ith ^ ^ t> 
X-f ^y^V^S^ 2 4 a , 2 4 bCO:>-'— bt^fiv'VP-Xlje 
<:0$»J^fi^5&^'A* tTX-f ^y "i-y^m^ 2 4a.^ 24b 

exVX^ ^y 1 1 A— 1 1 Dtf03t^J 

[0 0 3 3]^?^. b"xV'X:5^^y:5^ 1 1 Attfxy^^^J' 

^y 1 1 B t t^t5i^c^t^JtcJt«c&^^mfi^^^ffi5^^ 2 7 

E5&^. exyx:5!'*y:;^ 1 lChb"xyX:^>y:^ 1 1 
t^*iltCll^Jt3 HUit^Sill 2 7 E ^: N t^mtm 27 Ft- 

mtxh^. ^<^nmsnm±^yvv3-y2 9\{zxn 
bxvx^ >y ^ 1 1 A— 1 1 Dco^ans^&^'^ais 
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[0 034] tfz^m2<7)X^^y^yrmf~2AhfiZ\± 

mi^z]m&^mm<7^mm2Si}-m.»xiy^. 

1 lA— 1 i\y(mMMW}md^^fthXo^z^->x\^ 

[0 03 5] ^fvT. r?yhn-^2 9m. 3t«aTfe 
-g,^bxyX:$^>y:;^ 1 1 A— 1 1 D<7)W5ffi^Sm£E (ly 

m!mm2 21a, 221 b(c^^t3t^-^^^7)«BE>&^ 

[0 03 6] a>'hT7-^2 9(i:. ^mSBfflim^ti:. I? 
l<7)X>f ^y^yi>^S^2 4acO:tyi9^^:^:7»^^ 
i^^iOidtC^SL. ®1^0X-f *yf-y^fg^2 4aC0»J 
«ilM^^H5*'r'l>o ^^i:)*^. tSl<7)X>f ^yf'>'^S^ 

2 4 a :x tTm 1 iOM^^ 2 2a 

-f>. ^co^. 4yr99 23\iZ^^hi^mn:n\m2 

coy.^ ^yf'>'^^^24bc?5S^^>f :t-K24 1 bt;r 

tifz::r,:^-)U:^-i>zX ^m2(7mM^m2 2 b t^SfM^^ 
yy^^-^ —JUm^iti^mi^ bxyx:5^ ^y ^ l i a— l 

O) ^C^^^;St/^miOX>f ^y^y:rS^2 4a^:ty 
mSlZ^^ t X>f >y ^y:?^^^ 2 4a 7 t^EI^ 
L. 3t^ii:^Tt=^'g». ^<7)J;d(;:bxVX:5^^y:?' 1 1 
A— 1 1 D ^5E^-ra C: hT. b"XVX:$^ *y ^ 1 1 A— 
30 1 ID^ej^ttJ^tT-Yi^i-'^^rJ^l^mifS^-r^o 

[0037] tt:. mmmmmifZit. m2<7yx4 >/^y 
ym=f2 4 \>(n^ymnh:^ym^}i ^ijcoi: d \zm^ 

L. ^2^^x^^y^y^^fg^24b(:o$>iPft-^S:ai:^3^ 
S2cox-f -/^y^mi^2 4b^:^yL 

xm2<7)mm^2 2hizwmtt^m^i:m~. tk 

3) tC^^-ShX^f >yf-y^^^2 4b^:t7tT:t7ii 

^fcA-^ . ^: (^m. 'iy^^^2 3\fZ±^ ^j:nmm)]ifi 

yy9 9 23 izWm^fifz:t,:^-}V^-lzX ^ 
40 y^^^^ —JUmMi^ 1 (mSJm2 2 a tlggUN^y 
^rrJVrV^f 2 1 2{cx;t^;l^^f-^lilJR^^. JfcS^ 

g£3&n^RB^7)m^ig (^0 ) iz^^tm(/m2a)x^ -yf^ 

bxyx^ ^y 0 h X-f ^y ^y^^^ 2 

xyxi^ >y ^ 1 1 A-- 1 1 D ^j^m^-s x\ bxy 

X:5^ >y^ 1 1 A— 1 1 DifimA'-LXmtli^ y-J:^'P9 

1 ^mwth 

[0 03 8] ±fz. nyYxi-^2 9\mWk^^W:: 

50 t>hmwm!^^%29 i^mxjxi^y} ^ m\^<mm 
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[0039] MS^SmSSSB 291 {i^exyx:^' y ^ 

1 lA— 1 \ Y>\iz\n\\zn^vrcA-o(mcdm^A 

A, 4B, 4C, 4D^iix.TV^^. #«|ffiEIK4A'- 
ln:^4 11, 4 1 2 i ^^j:hm^^S^m%.A 1 ifWi 
AvT-USEE ( + B) 3&^EpJn$iiTV^^. 

[0040] %\<rymmnAKamm.^A 11,4 

1 2C0S^^4>.S4 0 1 Ati. ^W^^i^3 2 Afc^ 

M-frLi^TS^o. mmm^m'3 2K\mm.^iiu^ 

a:i.^4oiAfctT&^. wmz^ ^Knwm^A^ 
<m^m^A 11,41 Knmm^^A 0 1 Bti^ffira 

<:0H;^^^>m^^^^i±i^4 0 lBttTS)'^o lg3C0^ 
milISS4C<?0MffitfLSg4 11,41 2c7)tgM4».^4 0 1 
C{i:m{S|g^^^^3 2Cfc^il-frL*^T&*9. ^ffll 

s^ffits;ffioH?&^4^a5'r-s^ai^4 o i c t tT& 
mA<m,mmA'o<rmm.^A 1 1 , 4 1 2^0® 

^4>dS4 0 1 Dm£ffiffl^iW^3 2 D i:^il-^t*^T 
foi^. f£fle{atgSc3S&T3 2Dtc:^§ti^«ififfl!l:^r^:/ 

;i^3 2 Dc7)4t^^stfi;ffl<50ffi3{?-^>^m-r^mffi^4 0 1 

[0 04 11 «iffi[l|JS4A'-4Dti^:^C. SK^^m 
^4 0 lA-'4 0 IDCOSBE* (-) tT. VsM 

^4 2m. ( + ) A^ltLT»m^0SS4 3:^ 

?t-^TiDO. CPU6 itcfev^T. \Wkmn^—^)^3 

2A— 32Dc?^^?^^>-K>'a-b 3^^'^ L:^35>^:«?^5^»^*'J 

[0042] m^mii^mmM2 9 1 i^zi^H^im^^^t- 

mr^. mim^^ -/i-yi^m'¥'25A--2 5Ditmm 
^miznmLfz i> cntsm^^ y lt . s^exyx 9 y 

^ 1 1 A—l 1 D//X>f ^^^-^^^^^2 4 a<7>^:^> 

^y^m'f'2Ah<nim^^y^yxWL%v. j<-/yT^ 
yTy^2i2iizmu^ti^^tiiZ^h. zzx\ 

-'^y^coffiSr^ot-xyx 1 1 A— 1 1 Di^^Jfiffl! 



(6) ^ffl2002-246667 

1 0 

^—rjl^3 2A— 3 2D;Cf*V^yKi-'a — b tTV^-g* 
:r^VFi^3-bL5^c«H6ffl!l^-:/;^3 2A'-3 2 

D tmm^tij:ims{mx>! y^yvm'T2 5 A--2 5 d 
exyx^ v:?' 1 1 A— 1 1 D3&^-^{c^mfcifemfc:e>^ 
(oxoiz Lxmmtfzry y\^i^B-h co^^mm l . 

^^m^<y^(r>\^:r.YX^^y^l 1 A—l 1 DCO^M^^ 

10 [0043] ^^hi^ . 1 (ommm'ir^y)i^ 3 
2Ati^i^9yvyB-hLfztLxmm^ht^ i^b- 
h izx ^mm^^tf^m i (ommmm Acommm<^mL 
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